Messenger RNA (mRNA), this ephemeral substance of life, is at the center of eukaryotic gene expression. Ephemeral as well are our lives, and precious is the time we have. We mourn the passing of Elisa Izaurralde at the age of only 58, a pioneer and a powerhouse in the field of RNA biology.
It is difficult to imagine where the field would stand today without Elisa's dedication, her energy, and her seminal contributions to so many aspects of mRNA regulation. Her work provided insights into nuclear export, mRNA quality control, translational repression of mRNA by small RNAs and specialized proteins, and multiple aspects of mRNA decay, including 3 0 -deadenylation and 5 0 -decapping. She was broadly influential, not just for the importance, quality, and breadth of her work but also for her service to the community. She served on important panels and organized a number of meetings, and her opinions gave orientation to the field. At the height of her career, she was stopped by an aggressive cancer. We will remember her as an exceptional scientist, a generous colleague and collaborator, and a dear friend.
Born in Montevideo, Uruguay, Elisa emigrated to Switzerland at the age of 17, learned French, and enrolled at the University of Geneva to become a scientist. Long fascinated by biology, she studied molecular biology and biochemistry, committed to succeed and to make her mark. In 1985, she joined the lab of Ueli Laemmli as a PhD student. Laemmli chose his people well. He expected a clear commitment to science, and he was generally hard to impress. But Elisa impressed him, earning a reputation as a tireless experimentalist for whom perfect was just about good enough. In the Laemmli lab, Elisa had her first scientific encounter with the RNA world in the form of the HIV Rev response element (RRE), which is a structured RNA element that acts like a hook to help export HIV mRNA from the nucleus. At the time, very little was known about the interplay between aspects of mRNA synthesis, processing, and nuclear export. The HIV RRE hooked Elisa on RNA and set her on a path to understanding RNA processing and metabolism.
In the early 1990s, the place to go in Europe for a young RNA scientist was the European Molecular Biology Laboratory (EMBL), deep in the forest above Heidelberg, Germany. Elisa joined the lab of Iain Mattaj, then the head of the gene expression unit. The Mattaj lab worked on understanding the biogenesis of UsnRNPs-small RNA-protein complexes that form the spliceosome and hence control the processing and maturation of the pre-mRNA before nuclear export. Iain was admired-and feared-for his ability to spot the flaws in an argument. Elisa thrived in the intellectually stimulating, vibrant environment of the Mattaj lab, where people exchanged ideas and talked about science from dawn to dusk, 7 days a week. There, she injected RNA constructs into what must have felt like a million Xenopus oocytes, and she was tremendously successful in her work, quickly gaining international recognition. She identified the proteins that bind the mRNA 5 0 -cap in the nucleus and untangled the factors and mechanisms that contribute to the efficient export of the UsnRNAs from the nucleus, a step that these RNAs must undergo as they mature. Any lab member and colleague who had the good fortune to collaborate with Elisa at the time, and since, has greatly benefitted from her generosity, her energy, and her dedication to her work. Many of her friendships were forged during her time in the Mattaj lab.
After her time at the EMBL, Elisa went back to the University of Geneva as an independent research group leader. At the time, it was unclear how mRNA was exported from the nucleus and how export was linked to splicing and nuclear mRNA quality control. Elisa identified TAP, the human nuclear export receptor for mRNA, which, in contrast to the classic karyopherins, has a completely different structural composition. This work gave her greater appreciation for the emerging power and possibilities of structural biology, especially in combination with molecular and cell biology. So she decided to return to the EMBL, where she teamed up with Elena Conti, who also had just started her own group after determining the first crystal structures of members of the karyopherin family of nuclear transport receptors. Together with Elena, Elisa not only worked out the structural basis and mechanisms of nuclear mRNA export, but, in parallel, she also helped to identify and characterize the exon junction complex (EJC), a protein complex deposited on the mRNA as a consequence of splicing. The EJC functions both in nuclear mRNA export and in nonsense-mediated decay (NMD) of mRNAs that have a premature stop codon. It was the natural next step, then, to investigate the NMD machinery as well. Quickly again, Elisa and her collaborators from structural biology characterized crucial components of the pathway and how they work together. By this time, Elisa had also risen in the ranks of the EMBL, first as a senior scientist, then as the head of the gene expression program. Several prestigious institutions attempted to lure her away.
In 2005, after turning down a generous offer from Geneva, Elisa eventually left the EMBL and joined the Max Planck Society as a Scientific Member and Director at the Institute for Developmental Biology in Tü bingen. By that time, the winds of the RNA field were changing with the discovery of numerous classes of small RNAs that target and regulate mRNAs via base-pairing interactions in a process termed RNA silencing. Elisa decided to switch her research focus to the other side of the nuclear barrier, studying the molecular workings of the RNA silencing machinery. Her arrival in Tü bingen was impressive. Her lab equipment arrived from Heidelberg in a large container in the morning. By the afternoon, her lab was already hard at work, running their first gels. Competition with Elisa was something to think twice about! From day one, Elisa set out to understand how cytoplasmic microRNAs (miRNAs) and regulatory RNA-binding proteins repress translation and initiate mRNA decay in a target-specific manner. Generous funds from the Max Planck Society and precious prize money allowed Elisa to tackle several topics in parallel and to support a small structural biology unit within the department. She elucidated how miRNAs and their mRNA targets are recognized by proteins from the Argonaute family and, importantly, how proteins from the GW182/TNRC6 family act as adaptors to physically link Argonaute proteins to the two major mRNA 3 0 -deadenylases, namely the PAN2-PAN3 complex and the CCR4-NOT complex. She and her team reported a series of crystal structures, and they uncovered how target-specific mRNA-binding proteins use rapidly evolving short peptide motifs to directly recruit the CCR4-NOT complex. Furthermore, she investigated the DDX6 RNA helicase, which likely acts as a sensor and/or regulator of mRNA translation, and characterized its interactions both with the CCR4-NOT 3 0 -deadenylase and with the mRNA 5 0 -decapping network. Ongoing research therefore continued to examine how CCR4-NOT, DDX6, and inhibitory capbinding proteins lead to a translational repression of mRNAs and how mRNA decapping is regulated, finally leading to exonucleolytic mRNA decay.
Elisa's contributions to the understanding of mRNA regulation as a means to control gene expression earned her worldwide recognition and respect, as reflected by prestigious awards and honors-most prominently, the Leibniz prize of the German Research Foundation (DFG) and the Ernst Jung Prize for Medicine. She was an elected member of the European Molecular Biology Organization (EMBO). She was also on the Board of Directors of the RNA Society and a member of both the German National Academy of Sciences Leopoldina and the Academia Europea.
Through her work, she pushed the entire field of RNA biology. She helped organize many meetings for the RNA Society, Cold Spring Harbor Laboratory, and EMBO in Heidelberg. Elisa was kind and calm, but she was also widely known to be fearless and to express her opinions clearly and directly. She stood her ground in scientific discussions regardless of her opponent's position or prestige, a trait that was highly respected and appreciated by her colleagues. Consequently, she was asked to join numerous scientific panels, advisory bodies, and editorial boards for several scientific journals.
Dearest to her heart, however, besides striving for knowledge, was the support and education of the young talents in science. Elisa was a very active mentor of newly independent researchers, and she organized and oversaw two separate PhD programs, including groups from the University of Tü bingen (where she taught as an adjunct professor). She immensely enjoyed working with her people, and her office door was always open. Late into her career, she remained active at her lab bench, and she stayed connected with her people daily, giving valuable scientific and technical advice and celebrating every new publication with cakes! Elisa had very high standards, and she led by example. She committed herself to supporting the careers of those who were willing to go the extra mile to achieve their goals. Saturday e-mails from Elisa about cookies in the kitchen motivated the group to give their best and led to formation of a mixed-gender soccer team, the RNA Devils, who represented the department in a campus tournament. They made Elisa proud by making it to the finals! Elisa was devoted to science, to her lab, and to her people. It was only late in her life that she took more time for herself-hiking in the Alps, reading science fiction, being with friends, and enjoying a nice glass of white wine now and then. We will remember her kindness, her sparkling eyes, and her mysterious smile. Her legacy lives on through the knowledge that she generated, through the swarm of young RNA devils that she mentored, who will continue to stir up the field for years to come.
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